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Abstract
This work describes the conceptual design of a novel separation process for CO2 removal from flue gas based on 
precipitating solvents. The process here described (DECAB) is an enhanced CO2 absorption based on the Le 
Chatelier’s principle, which states that reaction equilibrium can be shifted by removing one of the constituents in the 
reaction. A conceptual design of this process has been developed based on literature data, thermodynamic principles 
and a limited number of experiments. As solvent example, the potassium salt of taurine was selected. The strategy 
followed is based on the compilation and determination of the key properties and parameters that govern the 
absorption and regeneration of the solvent. Then, the performance of the process is evaluated with the aid of short 
cut design methods. Results show that the key advantages of this process are environmental friendliness (no 
emissions to the air) and low energy consumption related to a lower vapor pressure of the solvent and higher net 
loading than conventional processes. The design developed allows for future economic evaluation and assessment of 
options that will further lead to benefits over conventional processes.
© 2010 Elsevier Ltd. All rights reserved
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1. Introduction
This work describes a novel separation process to remove CO2 from flue gas based on precipitating solvents 
(DECAB). The reaction of CO2 with alkanol amines has been extensively described in the literature ([1], [2], [3],  
[4]). Depending on the type of amine different species are predominantly formed. In the case of primary amines 
carbamate is predominantly formed according to the equilibrium reaction (1).
              !∀ ∀!∀#!∀ 3222 NHRNHCOORCONHR                                                                    (1) 
The process here described is an enhanced CO2 absorption based on the Le Chatelier principle, which states that 
equilibrium can be shifted by removing one of the constituents in the reaction. In reaction (1), the equilibrium can be 
shifted to the formation of carbamate (R-NHCOO-) by removing the protonated amine (R -NH3
+) from the reaction 
medium. This will result in a higher absorption capacity. For this purpose an amino acid species has been selected. 
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Amino acids react with CO2 in principle in the same way as alkanol amines ([5]). However, amino acids are in 
general more stable than alkanol amines.
!∀∀∀∀ ∀∀!∀∀#!∀∀ 322 )()()(2 NHRCOOCNHCOORCOOCCONHRCOOC   (2)
However, unlike amines, amino acids form electrolytes in aqueous solution that comprise a zwitterion. Due to its 
double charge, zwitterions have very limited solubility in water and can be easily separated from the medium by 
precipitation. In Figure 1, a hypothetical plot is given to depict the difference between a precipitating based process 
and a conventional absorption process. This figure shows that for a given partial pressure of CO2, a process with 
precipitation has higher loading than a process without precipitation. Therefore, the combined process (simultaneous 
absorption and precipitating process) leads to additional capacity of the solvent.
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Figure 1 Schematic picture to depict the difference between a precipitating and a non-precipitating system in terms ofCO2 pressure
as function of loading.
This works presents the conceptual design of a C O2 capture process based on the above mentioned principle. The 
strategy followed combines the use of literature data, estimation of main properties and a limited number of 
experiments. The fi rst step in the design is the development of process concepts. This consists on selecting and 
ordering the necessary unit operations that will achieve CO2 removal from flue gas and recycling of the solvent.  
Section 2 gives a description of the process and a compilation of technology options for the different unit operations 
and provides a structure and ranking of options based on selected performance parameters. Section 3 gives a 
framework of key properties, thermodynamics and kinetics that allow the estimation of size and key performance 
parameters of the process. Based on shortcut methods a conceptual design of the process is given in Section 4.
2. Process concepts development
The principle described in the previous section requires that a new capture process is designed. Figure 2 shows a 
block diagram that includes the main steps / functions of the process. The flue gas needs to be contacted with the 
solvent (absorption block). The CO2 reacts with the solvent, as in reaction (2) resulting in a slurry that contains the 
carbamate and the precipitated amino acid. Crystals are dissolved (crystal dissolution block) and then the solvent is 
regenerated (Regeneration block) and the resulting CO2 product is compressed.
The process design allows for various degrees of freedom. The absorption process requires that three phases
(Liquid/Gas/Solid) are contacted. Generally speaking, contactors can employ one of the following mechanisms: 
Dispersion of gas phase in a liquid or mixture of liquid / solid (Bubbles), dispersing liquid droplets in a gas phase 
(Droplets) or contacting a gas phase and a liquid or slurry by means of a fixed contacting surface (Surface).
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Figure 2 Block diagram showing the structure of the process
Based on these mechanisms, different contactors can be sought and classified (Table 1). Moreover, the regeneration 
also offers several degrees of freedom (i.e. regeneration at low temperature and low pressure or regeneration at 
higher temperature and higher pressure).
Table 1 Generation of options and ranking for contacting systems. Rating key: 3- Best selection, 2- Usually applicable, 1-
Evaluate carefully, 0- Do not use
For the selection of suitable contactors, the following criteria were considered:
1. Fouling behaviour: appropriate for slurry
2. Pressure drop: This parameter influences both process investment (CAPEX) and operational expenses 
(OPEX) but it has a more important effect in OPEX due to the power consumption to overcome the 
contactor’s pressure drop.
3. Mass transfer characteristics: Mass transfer influences equipment size. This has a direct impact in process 
investment (CAPEX). In the present study, mass transfer of the different options is represented by the 
typical operational values of the overall mass transfer coefficient (Kol [m/s])
2 Surface stands for fixed contact area systems, Bubbles stands for dispersion of gas into a liquid or slurry and Droplets stands for 
dispersion of liquid into a gas
Contactor type Contacting
Mechanism2
a
[m2/m3]
Kol x 10
4
[m/s]
Fouling Pressure
drop
Efficiency Reliability References
Random Packed column Surface 100 - 200 0.5 - 2 1 2 2 2 [2],[6], [7], [8] 
Structured Packed 
l
Surface 250 - 500 0.5 - 2 1 2 3 2 [2], [6], [9]
Tray Column (dual flow) Bubbles 150 1 - 4 2 1 2 2 [2],[6]
Spray column Droplets 60 - 100 1 -3 3 3 0 2 [11],[12],[13],[14]
Multi Stage Crystallizer Bubbles 20 1 - 4 2 1 2 2 [10]
Bubble column Bubbles 20 - 400 1 - 4 3 1 2 2 [15],[16]
HiGee Droplets NA NA 1 2 2 0 [19], [20]
Hollow fibre module Surface 3000 0.1 – 0.5 0 1 2 1 [17], [18]
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4. Effi ciency: Influences process investment and the purity of the clean flue gas leaving the contactor. This 
parameter is represented / related to the specific contact area (a [m2/m3]), Height of a theoretical plate 
(HETP) and number of transfer units (NTU).
5. Reliability: based on proven technology, applications in industry, size of operation.
Table 1 shows quantitative estimates for the specific contact area and overall mass transfer coefficient. For the other 
criteria, the related parameters cannot be quantified at this stage. Instead, a qualitative grading is given based on 
literature review and the grading system given by Kohl and Nielsen, 1997) [6]. 
In the absorption case, fouling behaviour, efficiency and pressure drop are the most important criteria. For the 
regeneration, efficiency is considered the most important criterion.  I t  follows from this table that in the case of 
absorption there is no contactor that complies with both fouling and efficiency criteria. For this reason the 
absorption was divided into two steps and makes use of a spray tower (that handles the slurry when the solvent 
precipitates) and a packed column (that adds the necessary extra efficiency for 90% CO2 removal). 
In the case of regeneration the packed column s selected for having high efficiency, high volumetric ratio and low 
pressure drop. In this case, fouling behaviour is relegated to lower importance.
3. Design Framework
The recovery of CO2 from flue gas based on solvent absorption is governed by the phase behaviour of CO2 and the 
solvent at the conditions of the absorption unit. For most cases, temperature and pressure are used as operational 
variables in the regeneration unit in order to release the CO2 and re-use the solvent. In the present case, the solvent 
also undergoes a phase change. In order to design the process, the phase behaviour of CO2 needs to be known at the 
conditions of the absorption and regeneration units. Moreover, the key parameters influencing the phase change of 
the solvent (solubility and Heat of crystallization, slurry density) also need to be known. This information has been 
taken from literature, estimated or measured. 
For the present case, the potassium salt of taurine was selected as model solvent. The key information necessary for 
designing is listed below:
1. Pure components properties and mixture properties
2. Vapour – Liquid equilibrium of CO2 at the solvent at absorption and regeneration temperatures
3. Vapour pressure of the solvent 
4. Slurry density
5. Mass transfer coefficients realized for the selected contactor type
Table-2 shows the important pure components information. The Vapour Liquid Solid Equilibrium (VLSE) was 
measured for a 6M solution of potassium taurate. Figure 3 shows a plot of the VLSE of CO2 at two different 
temperatures and a concentration of 6M. The same figure also shows the vapour pressure of the solvent mixture at 
different concentrations. Based on these experiments the solubility of CO2 can be estimated. Also the precipitation 
behaviour can be observed in these experiments and an estimate of the heat of absorption can be given (67kJ/mol 
CO2). Sizing the contactors also requires information of equipment mass transfer and reaction kinetics. For shortcut 
calculations, the overall mass transfer coefficient was determined experimentally for a column packed with 
Mellapak 350Y and for a spray column under different gas to liquid ratios.  Figure 4 shows the overall mass transfer 
coefficients for these contactor types.
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Table 2 Important pure component properties for Conceptual Process Design
Property MW
[g/mol]
Tm
[ºC]
Tb
[ºC]
∃Hvap
[kJ/mol]
∃Hdis
[kJ/mol]
Taurine 125 305.11 NA NA 24.2
KOH 56 420 1327 NA NA
Water 18 0 100 40.65 NA
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Figure 3 Left  – Equilibrium behaviour of CO2 in a 6M solution at 50ºC and 120ºC
              Right – Water vapour pressure of solutions of potassium taurate of 2, 3, and 6M
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Figure 4 Left   - Overall mass transfer coefficient for a column packed with Mellapak 350Y
              Right - Overall mass transfer coefficient for a typical spray column experiment
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4. Conceptual Process Design
This section presents a conceptual design of the process based on the information given in section 3. Figure 5 shows 
the process flow diagram of a process that treats refinery flue gas containing 8%vol CO2 (170ºC 1.06 bara). The 
process is designed for 90% capture. Initially, the flue gas is cooled in a quencher to the absorption temperature
(50ºC). After cooling, the flue gas is contacted with pre-loaded solvent in a spray-tower. The spray-tower consists of 
a column with no internals. The solvent is sprayed as fine droplets with a high surface area for contacting the gas 
with the solvent. As a result of this contact, the CO2 undergoes a chemical reaction with the solvent that leads to the 
formation of carbamate and carbonate ions. As a consequence of this reaction, the pH of the solvent solution 
decreases and so does the solubility of the amino acid. When the solubility limit is reached, the amino-acid 
precipitates as an amino-acid zwitterion. The resulting slurry is collected at the bottom of the tower with a loading of 
0.41molCO2/molTaurate. The partial pressure of CO2 in the flue gas is decreased until the point for massive
precipitation of the amino acid.  This point has been measured experimentally at different temperatures. Results 
show that at 50 ºC and 6 M potassium taurate, this pressure is 4 kPa CO2 (0.04 bar CO2). The remaining CO2 in the 
gas is captured in the absorption column, where the depleted flue gas is contacted with lean solvent. The absorption 
column is a conventional packed absorption column filled in with Mellapak 350Y. There, the CO2 partial pressure is 
reduced to 0.8 kPa.
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Flash vessel
Stripper
HX-1
Loaded solvent,
slurry
Loaded solvent,
Particle free
Medium – Lean
Solvent
Lean solvent
Flue Gas
Depleted
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Clean Gas
Strip gas
Pre-loaded solvent,
particle freeHX-2
Flash CO2
Make – up water
Lean solvent
Condenser
Reflux
CO2 to compresion
Quench column
Flue gas cold
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Cooling water out
Figure 5 Process flow diagram for capturing 90% of the CO2 from a refinery flue gas stream containing 8% CO2
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The assessment of the technical performance has been carried out by a process model implemented in a 
spreadsheet application. The aim was to give a rough estimation of size of the equipment, mass and energy balances. 
The most relevant design variables in the process are the temperature and pressure in the stripper (120ºC and 1.4 
bara) and the gas to liquid ratio in the absorber and spray-tower (542 STPvol/vol). The temperature and pressure in 
the stripper determine the degree of solvent regeneration and, therefore, the lean loading (0.13 molCO2/molTaurate) in 
the feed solution to the absorber.
These variables have a direct effect in the percentage of CO2 removed and the specific energy consumption of the 
process. Several process calculations were performed until optimal specific energy consumption was found. The 
relevant performance parameters corresponding to this point are listed in Table 4.
Table 4 Main performance parameters for the process
CO2 Captured 98295 kg/h
Specific energy consumption 3.2 GJ/tonCO2
Net loading 75 g/L
Contributions to the energy requirement
                Steam production 76135 kW
                Crystals dissolution 9955 kW
                TOTAL energy 86090 kW
Cooling water requirements 133.11 m3/tonCO2
Make - up water 0.15 m3/tonCO2
Electricity 140.81 kWh/tonCO2
The process described has a specific heat consumption of 3.2 GJ/tonCO2. Part of this energy is necessary to dissolve 
the aminoacid crystals and the other part is necessary to regenerate the solvent. However, the initial flue gas could 
be used to supply the heat duty for dissolving the crystals (10MW). This will result in a reduction of the specific 
duty to 2.8GJ/tonCO2. Considering the case of refinery flue gas, which contains less CO2 than the flue gas from 
pulverized coal power plants, the given energy consumption is already lower than existing conventional process.
It is evident that based on the above mentioned results, the DECAB principle can lower energy consumption for 
CO2 removal. This study has shown an example based on potassium taurate. However, by careful selection of 
appropriate aminoacid solvent systems significant energy reductions can be further achieved.
5. Conclusions
This work shows a process that uses precipitating solvents for CO2 capture. In this paper a new process concept is 
given that is capable of handling slurries. The key advantages of this process are:
∋ It is environmental friendly. Since the process is based on the salt of aminoacid, there are fewer 
emissions to the air and less degradation products.
∋ It has low energy consumption due to a lower vapor pressure of the solvent and higher net loading than 
conventional processes. 
∋ It has potential to significantly reduce energy consumption by exploring different process options for 
regeneration and selection of appropriate amino acid solvent (ie with less crystallization energy)
The conceptual process developed allows for economic evaluation and assessment of process options that will 
further lead to benefits over conventional processes.
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